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Currently, there is interest in examining the relationship 
between the characteristics of prenatal 
development of the diseases not only 
during childhood but also in adults. 
Prenatal hypoxia is one of the major 
causes of mortality of newborns and 
causes of neurological disturbances in 
adulthood [1-3]. The aim of this study 
was to assess behavioural, cognitive and 
electrophysiological effects of prenatal 
hemic hypoxia (PHH) during sensitive 
stages of brain maturation, and to explore 
the relationships between these effects. 
Materials and methods. The 
behaviour, spatial memory and EEG 
components were studied in naive rats 
and in rats with a model of sodium nitrite-
induced hypoxia. Pregnant rats (n=20) 
were subcutaneously injected with 
50 mg/kg sodium nitrite on the 13th (E13) 
or 18th (E18) day of gestation. At the age 
of 3 months behaviour of offspring was 
assessed using the open fi eld and Morris 
water maze. The open fi eld was a round 
arena, 1.2 m in diameter, with radial 
and circular lines marked on the fl oor, 
and surrounded by 45 cm high walls. 
Four holes (2 cm in diameter) were 
cut into the fl oor of the arena. A video 
camera was mounted 1 m above the 
central square. Bright overhead lighting 
was approximately 500 lux inside the 
arenas, while white noise was present at 
approximately 60 dB. Open fi eld testing 
began approximately 4 days after toluene 
exposure. Animals were individually 
placed in the centre of the arena and 
the following variables were recorded 
using the video camera during 3 min: 
horizontal locomotor activity (numbers 
of fl oor squares crossed, movement time, 
duration of immobility (resting time); 
vertical locomotor activity (number of 
rearing and climbing); number of entries 
in the central zone; number of hole 
visits; sniffi ng (number and duration); 
numbers of grooming, freezing 
and defecations. The sequence and 
durations of behavioural patterns were 
recorded and analysed using RealTimer 
(OpenScience, Moscow, Russia). 
The arena was carefully cleaned with 
alcohol and rinsed with water after each 
test in order to remove environmental 
odours. The water maze was a circular 
150-cm diameter swimming pool made 
of white PVC and fi lled 30-cm deep with 
26 ±1 °C water. White PVC platform 
(14-cm in diameter) was submerged 
1.5 cm under the water surface level. 
The rats were brought to a waiting room 
at least 30 min before the experiments 
Tab. 1.
Measurement of animal behaviour in open fi eld and the Morris maze, Me (LQ; UQ)
Parameters
Possible research
Control
 n=28
 Е13
n=19
 Е 10-19
n=29
Е 18
n=18
Open fi eld
 Sniffi ng 15(13;19)
52(42;71)
15(11;19)
46(38;51,5)
9,5(8;12)**
31(25;37)**
15 (11;18)
49 (35;72)
Sitting 3(2;5)
16(7,5;26)
7(4;9)**
46(23;85)**
6(5;8)**
43(23;56)**
4(2;5)
25 (13;35)
Locomotion 12 (10;14)
73(61;92)
10(5;15)
64(21;79)*
11(9;13)
77(62; 95)
11 (9;15)
76 (53;92)
Rearing 4(3;6) 4(2;6) 2,5(1;4)* 4.5 (2;6)
Freezing 1(0;1) 2(1;4)** 1(1;2)* 1 (0;2)
Morris water maze
Escape latency, sec 43,5(33;66) 57 (45;73)* 68 (41;78)* 28(23;69,5)
Note: above the line - number, under the line - the total duration (sec); 
* - statistically signifi cant differences as compared to the control at p<0.05, ** - p≤0.01.
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Tab. 2.
EEG power spectral indices, (Me (LQ-UQ)
Possible research Average amplitude, 
μ V
Feature ranges, %
δ θ α β1 β2
Sensorimotor cortex
Control 111(89;124) 83(82;89) 12 (8;13) 3 (2;3) 1(0,5;1) 1(0,5;1)
Е13 80(73;103) * 72(66;78) * 17(13;21) * 5(4;6) ** 3(2;3)** 3(2;3,5) **
Е10-19 92(78;109) 75(68; 84) 16(10;19) 5(2;7) 2(1;3) 2(1;2,5) 
Е18 103(84;128) 81(79;84) 12(10;12) 3(3;4,7) 1(1;1,5) 1(0,7;1,5)
Visual cortex
Control 89(78;138) 88(86;90) 8 (7;9) 3(2;3) 1(0,5;1) 1 (0;1)
Е13 67 (59;74) ** 84(74;87) 10 (8;12) 3(2;5) 2 (1;3) * 3 (1;4) **
Е10-19 84 (80;88) 87(83;88) 9 (8;10) 2(2;7) 1(0;1,5) 1(0,7;1,5)
Е18 97(74;100) 84(82;90) 9(6;11) 3(1,8;4) 1(0,7;1) 1(0,6;2)
Note: * - statistically signifi cant differences as compared to the control at p<0.05, ** - p≤0.01.
Tab. 3.
Components of auditory and visual evoked potentials in rats (Me (LQ;UQ)
Control Е13 Е 10-19 Е 18
Visual evoked potentials
La
te
nc
y 
(m
s)
N1 72(68; 82) 174 (151-193) ** 171,5(144-210) ** 170 (153-180) *
P2 108(105;120) 253 (209-259) ** 240 (191-253)** 250 (206-264) **
N2 155(143; 168,5) 311 (283-325) ** 296 (270-300) ** 305 (269-318) **
P3 205(198; 233) 337 (314-343) ** 337 (311-343) ** 340 (320-342) **
A
m
pl
itu
de
 
(μ
V
)
N1-P2 11,5(3-12) 17 (2-24) 17,5 (6-32) 16 (7-29,5)
P2-N2 23,5(12-42,5) 5,5 (3,5-7) * 19 (7-30,5) 18,5 (9,5-35)
Auditory evoked potentials
La
te
nc
y 
(m
s)
N1 72(71; 80)  114 (90-164) * 129 (106-177) ** 149 (135-216) **
P2 111(108; 119) 212 (174-239) ** 180 (159-232) ** 209 (180-254) **
N2 151(149; 166) 273 (247-283) ** 247 (222-271) ** 278 (272-288) **
P3 238(265; 257) 336 (324-338) ** 313 (282-332) * 318 (306-341) **
A
m
pl
itu
de
 (μ
V
) N1-P2 9(3-24) 19 (18-30) 10 (8-17,5) 11 (5-23,5)
P2-N2 17,5(9-24) 4,5 (2-10,5) 19 (11,5-22,5) 9,5 (2-13)
Note: * - statistically signifi cant differences as compared to the control at p<0.01, ** - p≤0.001.
and were kept in holding cages shortly 
before testing. Within 2 days each animal 
was placed in a water maze 4 times and 
latency to the platform was registered 
(escape latency). Once on the platform, 
the animal was left there for 30 sec. 
Between the trials, the animals were kept 
in holding cages for 60 sec. After four 
trials each day, the rats were dried with 
paper towels and warmed by two 75-W 
light bulbs. 
After behaviour and spatial memory 
measuring rats were anesthetized 
(ketamine 75 mg/kg and xylazine 
10 mg/kg, i.p.) and mounted in a 
stereotaxic frame. Stainless steel 
electrodes (diameter 100 μm, length 
2 mm) were implanted according to 
Paxinos and Watson’s stereotactic atlas: 
1.5-2 mm posterior to bregma and 2 mm 
lateral to midline (sensorimotor cortex); 
1,5 mm posterior to lambda and 2 mm 
lateral the midline (visual cortex); 3 mm 
anterior to the bregma (reference). The 
depth of the electrodes was 2 mm. At 
least 1 week was given to the animals 
to recover from the surgery. The power 
spectra analysis of signals was obtained 
for delta (0.5–4 Hz), theta (4–8 Hz), alpha 
(8–13 Hz), beta 1 (13–22 Hz) and beta 2 
(22-32 Hz) frequencies. Registration of 
visual and auditory evoked potentials 
(VEP and AEP) was performed using a 
multifunctional complex for EEG and 
EP “Neuron-Spectrum-4” (Neurosoft, 
Russia). Latencies Р1, N1, P2, N2 
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components and interwave amplitude 
N1P2 and P2N3 components were 
analysed.
All aspects of care and treatment of 
laboratory animals corresponded to the 
European Convention for the Protection 
of Pet Animals (Strasbourg, 1987). The 
animals were kept in single breeding 
cages under standard conditions and 
were provided with food and water ad 
libitum.
Statistical analysis was 
performed using Statistica software 
package (StatSoft version 6.1, No. 
AXXR004E642326FA). The correlation 
between behaviour, spatial memory and 
EEG components was determined using 
the Spearman’s correlation test. 
Results. The changes in behaviour and 
EEG components were peculiar to each 
period PHH. Prenatally (E10-19 and E13) 
nitrite exposed rats showed the decreased 
total locomotion in the open fi eld and 
increased latency to the platform in water 
maze unlike hypoxed E18 rats (table 1). 
Spectral analysis has shown 
that prenatal (E13) nitrite treatment 
resulted in reduction in the background 
amplitude, increase in EEG β1 and β2 
power in visual and sensorimotor cortex 
(table 2). 
Prenatal (E13) hypoxed rats 
demonstrated signifi cantly increased 
latencies in N1, P2, N2 and P3 
components of VEPs and AEPs 
(p<0.01) without any changes in 
interwave amplitudes of N1P2 and P2N2 
components (table 3). Changes in the 
index of basic EEG rhythms and VEP 
and AEP were not observed in prenatally 
(E18) hypoxed rats. 
Next, we verifi ed whether the 
locomotion activity and spatial memory 
and EEG changes were correlated. 
In control rats and prenatally (E18) 
nitrite exposed rats we have revealed 
a statistically signifi cant correlation 
between locomotion and the background 
amplitude of the visual cortex (r=0,77; 
p=0.04). The relationship between spatial 
memory and EEG in these groups was 
not detected. We found that number of 
correlations have increased in the group 
of prenatally (E13) nitrite exposed rats. 
Thus, we have established a statistically 
signifi cant positive relationship between 
the locomotor activity and power 
δ-rhythm of the visual cortex (r=0,86; 
p=0.01). The negative correlations were 
found between the locomotor activity and 
θ-, α-, β1- β2- rhythms (r>0,71; p<0.05); 
between freezing and θ-rhythm (r=-0,63; 
p=0.09 in visual and r =-0,73; p=0.038 in 
sensorimotor cortex, respectively). 
The long-term effects of prenatal 
hypoxia in different periods of 
embryogenesis are expressed in 
behavioural disorders, cognitive abilities 
and brain activity of adult experimental 
animals. Long-term behavioural changes 
following a hypoxia E18 are less 
pronounced than violation of VEP and 
AEP parameters. Prenatal hypoxia on the 
13th-14th day of embryogenesis leads to 
disruption of the structure of individual 
behaviour and cognitive abilities of adult 
animals; changes in rhythms of the EEG 
spectrum capacity and VEP and AEP 
parameters are similar in severity to the 
prolonged exposure to hypoxia from 10th 
to 19th day of embryonic development. 
A larger percentage of pairs with a 
correlation coeffi cient over 0.7 (>90%), 
detected in groups of prenatally hypoxed 
animals, leads to the conclusion about the 
stability of the formed functional state 
of the central nervous system. Balance 
required for normal functioning of CNS is 
achieved using the adaptive mechanisms, 
and the ability of the organism to 
maintain this balance depends on the 
stage of brain development, on which 
there is a negative impact. 
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